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We apply Bogoliubov compensation principle to the gauge electro-weak interaction to demon-
strate a spontaneous generation of anomalous three-boson gauge invariant effective interaction. The
non-trivial solution of compensation equations uniquely defines the form-factor of the anomalous in-
teraction and parameters of the theory including value of gauge electro-weak coupling g(M2W ) ≃ 0.62
in satisfactory agreement to the experimental value. A possibility of spontaneous generation of ef-
fective four-fermion interaction of heavy quarks is also demonstrated. This interaction defines an
equation for a scalar bound state of heavy quarks which serve as a substitute for the elementary
scalar Higgs doublet. As a result we obtain two possible solutions for the observable Higgs bo-
son mass: M1 = (306 ± 14)GeV and M2 = (253 ± 10)GeV . Values for other parameters e.g.
anomalous three-boson coupling G, Higgs boson width ΓH , its branching ratios and estimates for
cross-section of Higgs production at LHC are also obtained.
PACS numbers: 12.15.-y; 11.15.Tk
In previous works [1–6] N.N. Bogoliubov compensa-
tion principle [7–9] was applied to studies of sponta-
neous generation of effective non-local interactions in
renormalizable gauge theories. Spontaneous generation
of Nambu – Jona-Lasinio like interaction was studied
in works [2, 3, 5] and the description of low-energy
hadron physics in terms of initial QCD parameters turns
to be quite successful including values of parameters:
mpi, fpi, mσ, Γσ, Mρ, Γρ, Ma1 , Γa1 , < q¯q >.
In work [6] the approach was applied to the electro-
weak interaction and a possibility of spontaneous gener-
ation of anomalous three-boson interaction of the form
− G
3!
· ǫabcW aµν W bνρW cρµ ; (1)
was studied. In the present work we continue investiga-
tion of the electro-weak theory using other approximation
scheme, which will be formulated in what follows.
The main principle of the approach is to check if an ef-
fective interaction could be generated in a chosen variant
of a renormalizable theory. In view of this one performs
”add and subtract” procedure for the effective interac-
tion with a form-factor. Then one assumes the presence
of the effective interaction in the interaction Lagrangian
and the same term with the opposite sign is assigned to
the newly defined free Lagrangian. This transformation
of the initial Lagrangian is evidently identical. However
such free Lagrangian contains completely improper term,
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corresponding to the effective interaction of the opposite
sign. Then one has to formulate a compensation equa-
tion, which guarantees that this new free Lagrangian is
a genuine free one, that is effects of the uncommon term
sum up to zero. Provided a non-trivial solution of this
equation exists, one can state the generation of the ef-
fective interaction to be possible. Now we apply this
procedure to our problem.
In the present work we start with studying of possibil-
ity of generation of interaction (1).
I. COMPENSATION EQUATION FOR
ANOMALOUS THREE-BOSON INTERACTION
We start with EW Lagrangian with 3 lepton lk and
colour quark qk spinor doublets with gauge group SU(2).
That is we restrict the gauge sector to triplet ofW aµ only.
Thus we consider U(1) abelian gauge field B to be de-
coupled, that means approximation sin2 θW ≪ 1.
L =
3∑
k=1
ı
2
(
l¯kγµ∂µlk − ∂µ l¯kγµlk +
q¯kγµ∂µqk − ∂µq¯kγµqk
)
− 1
4
W aµνW
a
µν +
g
2
3∑
k=1
(
l¯kLγµτ
alkL + q¯kLγµτ
aqkL
)
W aµ ; (2)
W aµν = ∂µW
a
ν − ∂νW aµ + g ǫabcW bµW cν ;
ψkL =
1 + γ5
2
ψk .
2where we use the standard notations. Let us draw atten-
tion to the absence of the Higgs sector of the theory. We
shall obtain Higgs scalars to be bound states of heavy
quarks. The effective interaction of Higgs fields will be
obtained as well.
In accordance to the Bogoliubov approach [7–9] in ap-
plication to QFT [1] we look for a non-trivial solution of a
compensation equation, which is formulated on the basis
of the Bogoliubov procedure add – subtract. Namely
let us write down the initial expression (2) in the follow-
ing form
L = L0 + Lint ;
L0 =
3∑
k=1
ı
2
(
l¯kγµ∂µlk − ∂µ l¯kγµlk +
q¯kγµ∂µqk − ∂µq¯kγµqk
)
− 1
4
W aµνW
a
µν +
G
3!
· ǫabcW aµν W bνρW cρµ ; (3)
Lint =
g
2
3∑
k=1
(
l¯kLγµτ
alkL + q¯kLγµτ
aqkL
)
W aµ −
− G
3!
· ǫabcW aµν W bνρW cρµ . (4)
Here isotopic summation is performed inside of each
spinor bi-linear combination, and notation − G
3!
·
ǫabcW
a
µν W
b
νρW
c
ρµ means corresponding non-local vertex
in the momentum space
(2π)4G ǫabc (gµν(qρpk − pρqk) + gνρ(kµpq − qµpk) +
+gρµ(pνqk − kνpq) + qµkνpρ − kµpνqρ)×
×F (p, q, k) δ(p+ q + k) + ...; (5)
where F (p, q, k) is a form-factor and p, µ, a; q, ν, b; k, ρ, c
are respectfully incoming momenta, Lorentz indices and
weak isotopic indices of W -bosons. We mean also that
there are present four-boson, five-boson and six-boson
vertices according to expression for W aµν (2).
Effective interaction (1) is usually called anomalous
three-boson interaction and it is considered for long
time on phenomenological grounds [10]. Note, that the
first attempt to obtain the anomalous three-boson in-
teraction in the framework of Bogoliubov approach was
done in work [11]. Our interaction constant G is con-
nected with conventional definitions in the following way
G = − g λ
M2W
. (6)
The current limitations for parameter λ read [12]
λ = − 0.016+0.021
−0.023; (7)
− 0.059 < λ < 0.026 (95%C.L.) .
Due to our approximation sin2 θW ≪ 1 we use the same
MW for both charged W
± and neutral W 0 bosons and
assume no difference in anomalous interaction for Z and
γ, i.e. λZ = λγ = λ.
Let us consider expression (3) as the new free La-
grangian L0, whereas expression (4) as the new interac-
tion Lagrangian Lint. It is important to note, that we
put into the new free Lagrangian the full quadratic inW
term including boson self-interaction, because we prefer
to maintain gauge invariance of the approximation being
used. Indeed, we shall use both quartic term from the
last term in (3) and triple one from the last but one term
of (3). Then compensation conditions (see for details [1])
will consist in demand of full connected three-gluon ver-
tices of the structure (5), following from Lagrangian L0,
to be zero. This demand gives a non-linear equation for
form-factor F .
Such equations according to terminology of works [7–
9] are called compensation equations. In a study of
these equations it is always evident the existence of a
perturbative trivial solution (in our case G = 0), but, in
general, a non-perturbative non-trivial solution may also
exist. Just the quest of a non-trivial solution inspires
the main interest in such problems. Let us remind, that
non-trivial solutions give proper explanations for super-
fluidity and superconductivity effects (see again [7–9]).
One can not succeed in finding an exact non-trivial solu-
tion in a realistic theory, therefore the goal of a study is a
quest of an adequate approach, the first non-perturbative
approximation of which describes the main features of the
problem. Improvement of a precision of results is to be
achieved by corrections to the initial first approximation.
Thus our task is to formulate the first approximation.
Here the experience acquired in the course of performing
works [1–4] could be helpful. Now in view of obtaining
the first approximation we would make the following as-
sumptions.
1) In compensation equation we restrict ourselves by
terms with loop numbers 0, 1.
2) We reduce thus obtained non-linear compensation
equation to a linear integral equation. It means that in
loop terms only one vertex contains the form-factor, be-
ing defined above, while other vertices are considered to
be point-like. In diagram form equation for form-factor F
is presented in Fig. 1. Here four-leg vertex correspond to
interaction of four gluons due to our effective three-field
interaction. In our approximation we take here point-like
vertex with interaction constant proportional to g G.
3) We integrate by angular variables of the 4-dimensional
Euclidean space. The necessary rules are presented in
paper [2].
At first let us present the expression for four-boson
vertex
3V (p,m, λ; q, n, σ; k, r, τ ; l, s, π) = (2 π)4 gG
(
ǫamnǫars
(
U(k, l;σ, τ, π, λ)− U(k, l;λ, τ, π, σ)− U(l, k;σ, π, τ, λ) +
U(l, k;λ, π, τ, σ) + U(p, q;π, λ, σ, τ) − U(p, q; τ, λ, σ, π)− U(q, p;π, σ, λ, τ) + U(q, p; τ, σ, λ, π)
)
−
ǫarn ǫams
(
U(p, l;σ, λ, π, τ)− U(l, p;σ, π, λ, τ) − U(p, l; τ, λ, π, σ) + U(l, p; τ, π, λ, σ) + U(k, q;π, τ, σ, λ) − (8)
U(q, k;π, σ, τ, λ) − U(k, q;λ, τ, σ, π) + U(q, k;λ, σ, τ, π)
)
+ ǫasn ǫamr
(
U(k, p;σ, λ, τ, π) − U(p, k;σ, τ, λ, π) +
U(p, k;π, τ, λ, σ) − U(k, p;π, λ, τ, σ)− U(l, q;λ, π, σ, τ) + U(l, q; τ, π, σ, λ)− U(q, l; τ, σ, π, λ) + U(q, l;λ, σ, π, τ)
))
;
U(k, l;σ, τ, π, λ) = kσ lτ gpiλ − kσ lλ gpiτ + kpi lλ gστ − (kl)gστgpiλ .
Here triad p, m, λ etc means correspondingly incoming
momentum, isotopic index, Lorentz index of a boson.
Let us formulate compensation equations in this ap-
proximation. For free Lagrangian L0 full connected
three-gluon vertices with Lorentz structure (5) are to van-
ish. One can succeed in obtaining analytic solutions for
the following set of momentum variables (see Fig. 1):
left-hand legs have momenta p and −p, and a right-hand
leg has zero momenta. However in our approximation
we need form-factor F also for non-zero values of this
momentum. We look for a solution with the following
simple dependence on all three variables
F (p1, p2, p3) = F (
p21 + p
2
2 + p
2
3
2
) ; (9)
Really, expression (9) is symmetric and it turns to F (x)
for p3 = 0, p
2
1 = p
2
2 = x. We consider the representa-
tion (9) to be the first approximation and we plan to take
into account the corresponding correction in forthcoming
studies.
We shall look for non-trivial solutions of compensa-
tion equations. Such solutions are also evidently non-
perturbative. We would emphasize, that the existence
of a non-trivial solution could be achived only provided
some strict relations between parameters of the problem
being fulfilled.
Now according to the rules being stated above we ob-
tain the following equation for form-factor F (x)
F (x) = −G
2N
64π2
(∫ Y
0
F (y)ydy − 1
12x2
∫ x
0
F (y)y3dy +
1
6x
∫ x
0
F (y)y2dy +
x
6
∫ Y
x
F (y)dy − x
2
12
∫ Y
x
F (y)
y
dy
)
+
GgN
8π2
(∫ Y
0
F (y)
2
dy +
∫ x
3x/4
(3x− 4y)2(2y − 3x)
3x2(x− 2y) F (y)dy +
∫ Y
x
(5x− 6y)
3(x− 2y)F (y)dy +
∫ Y
x
3(x2 − 2y2)
32(2y− x)2F (y)dy +∫ x
3x/4
3(4y − 3x)2(x2 − 4xy + 2y2)
32x2(2y − x)2 F (y)dy +
∫ x
0
5y2 − 12xy
64x2
F (y)dy +
∫ Y
x
3x2 − 4xy − 6y2
64y2
F (y)dy
)
. (10)
Here x = p2 and y = q2, where q is an integration mo-
mentum, N = 2. The last four terms in brackets rep-
resent diagrams with one usual gauge vertex (see three
last diagrams at Fig. 1). We introduce here an effec-
tive cut-off Y , which bounds a ”low-momentum” region
where our non-perturbative effects act and consider the
equation at interval [0, Y ] under condition
F (Y ) = 0 . (11)
We shall solve equation (10) by iterations. That is we
expand its terms being proportional to g in powers of x
and take at first only constant term. Thus we have
F0(x) =
−G
2N
64π2
(∫ Y
0
F0(y)ydy − 1
12x2
∫ x
0
F0(y)y
3dy +
1
6x
∫ x
0
F0(y)y
2dy +
x
6
∫ Y
x
F0(y)dy − (12)
x2
12
∫ Y
x
F0(y)
y
dy
)
+
87GgN
512π2
∫ Y
0
F0(y)dy .
Expression (12) provides an equation of the type which
4were studied in papers [1–4], where the way of obtaining
solutions of equations analogous to (12) are described.
Indeed, by successive differentiation of Eq.(12) we come
to Meijer differential equation [13](
x
d
dx
+ 2
)(
x
d
dx
+ 1
)(
x
d
dx
− 1
)(
x
d
dx
− 2
)
F0(x) +
G2Nx2
64π2
F0(x) = 4
(
−G
2N
64π2
∫ Y
0
F0(y)ydy + (13)
87GgN
512π2
∫ Y
0
F0(y)dy
)
;
which solution looks like
F0(z) = C1G
10
04
(
z |1/2, 1, −1/2, −1
)
+
C2G
10
04
(
z |1, 1/2, −1/2, −1
)
− (14)
G2N
128π2
G3115
(
z|01,1/2,0,−1/2,−1
) ∫ Y
0
(
y − 87g
8G
)
F0(y)dy;
z =
G2N x2
1024 π2
;
where
Gnmqp
(
z |a1,...,aqb1,...,bp
)
;
is a Meijer function [13]. In case q = 0 we write only
indices bi in one line. Constants C1, C2 are defined by
the following boundary conditions
[
2z2
d3F0(z)
dz3
+ 9z
d2F0(z)
dz2
+
dF0(z)
dz
]
z=z0
= 0 ;
[
2z2
d2F0(z)
dz2
+ 5z
dF0(z)
dz
+ F0(z)
]
z=z0
= 0 ; (15)
z0 =
G2N Y 2
1024 π2
.
Conditions (11, 15) defines set of parameters
z0 = ∞ ; C1 = 0 ; C2 = 0 . (16)
The normalization condition for form-factor F (0) = 1
here is the following
−G
2N
64π2
∫ ∞
0
F0(y)ydy+
87GgN
512π2
∫ ∞
0
F0(y)dy = 1 . (17)
However the first integral in (17) diverges due to asymp-
totics
G3115
(
z |01, 1/2, 0,−1/2,−1
)
→ 1
2 z
, z → ∞ ;
and we have no consistent solution. In view of this we
consider the next approximation. We substitute solu-
tion (14) with account of (17) into terms of Eq. (10)
containing gauge constant g and calculate terms being
proportional to
√
z. Now we have bearing in mind the
normalization condition
F (z) = 1 +
85g
√
Nz
96π
(
1
2
G3115
(
z0|00,0,1/2,−1,−1/2
)
+
ln z + 4γ + 4 ln 2− 3160
357
)
+
2
3 z
∫ z
0
F (t) t dt+
4
3
√
z
∫ z
0
F (t)
√
t dt− 4
√
z
3
∫ z0
z
F (t)
dt√
t
+ (18)
+
2 z
3
∫ z0
z
F (t)
dt
t
;
where γ is the Euler constant. We look for solution of
(18) in the form
F (z) =
1
2
G3115
(
z |01, 1/2, 0,−1/2,−1
)
−
85 g
√
N
128 π
G3115
(
z |1/2
1, 1/2, 1/2,−1/2,−1
)
+
C1G
10
04
(
z |1/2, 1, −1/2, −1
)
+ (19)
C2G
10
04
(
z |1, 1/2, −1/2, −1
)
.
We have also conditions
1 + 8
∫ z0
0
F (z)dz =
87g
√
N
32π
∫ z0
0
F0(z)
dz√
z
; (20)
F (z0) = 0 ; (21)
and boundary conditions analogous to (15). The last
condition (21) means smooth transition from the non-
trivial solution to trivial one G = 0. Knowing form (19)
of a solution we calculate both sides of relation (18) in
two different points in interval 0 < z < z0 and having
four equations for four parameters solve the set. With
N = 2 we obtain the following solution, which we use to
describe the electro-weak case
g(z0) = 0.60366 ; z0 = 9.61750 ;
C1 = − 0.035096 ; C2 = − 0.051104 . (22)
We would draw attention to the fixed value of parameter
z0. The solution exists only for this value (22) and it
plays the role of eigenvalue. As a matter of fact from the
beginning the existence of such eigenvalue is by no means
evident.
Note that there is also solution with a smaller value of
z0 = 0.0095531 and rather large g(z0) = 3.1867, which
with N = 3 presumably corresponds to strong inter-
action. This solution is similar to that considered in
work [4] and it will be studied elsewhere.
We have one-loop expression for electro-weak coupling
αew(p
2)
αew(x) =
6 π αew(x0)
6 π + 5αew(x0) ln(x/x0)
; x = p2 ; (23)
5We normalize the running coupling by condition
αew(x0) =
g(Y )2
4 π
= 0.0290; (24)
where coupling constant g entering in expression (20)
is just corresponding to this normalization point. Note
that value (24) is not far from physical value αew(MW ) =
0.0337. To compare the two values properly one needs a
relation connecting G and MW , which will be obtained
later on.
II. FOUR-FERMION INTERACTION OF
HEAVY QUARKS
Let us remind that the adequate description of low-
momenta region in QCD can be achieved by an intro-
duction of the effective Nambu – Jona-Lasinio interac-
tion [14, 15] (see recent review [16]). The spontaneous
generation of NJL-type interaction was demonstrated
in works [2, 3]. In these works pions are described as
bound states of light quarks, which are formed due to
the effective NJL interaction with account of QCD cor-
rections. In the present work we explore the analo-
gous considerations and assume that scalar fields which
substitute elementary Higgs fields are formed by bound
states of heavy quarks t, b. As usually we introduce
left doublet ΨL = (1 + γ5)/2 · (t, b) and right singlet
TR = (1− γ5)/2 · t.
Then we study a possibility of spontaneous genera-
tion [1–3, 5] of the following effective non-local four-
fermion interaction
Lff = G1Ψ¯
α
LTRα T¯
β
RΨLβ +
G2Ψ¯
α
LTRβ T¯
β
RΨLα +
G3
2
Ψ¯αLγµΨLαΨ¯
β
LγµΨLβ + (25)
G4
2
T¯αRγµTRαT¯
β
RγµTRβ .
where α, β are color indices. We shall formulate and
solve compensation equations for form-factors of the first
two interaction, while consideration of the two last ones
is postponed for the next approximations. Here we fol-
low the procedure used in works [3, 5], which deal with
four-fermion Nambu–Jona-Lasinio interaction. However
coupling constants G3, G4 essentially influence the forth-
coming results.
Following our method (see details in [3, 5]) we come
to the following compensation equations for form-factors
F1(x) and F2(x), x = p
2, y = q2, corresponding respec-
tively to the first two terms in (25). In diagram form the
equation is shown at Fig. 2.
Φ(x) =
Λ2a(N
2G21 + 2NG1G2 +G
2
2)
8π2(NG1 +G2)
(
1− NG1 +G2
8π2
∫ Y¯
0
Φ(y)dy
)
+
(
Λ2a +
x
2
ln
x
Λ2a
− 3x
4
)
×
G21 +G
2
2 + 2NG1G2 + 2G¯(N + 1)(G1 +G2)
32π2(NG1 +G2)
− G
2
1 +G
2
2 + 2NG1G2 + 2G¯(N + 1)(G1 +G2)
29π4
K × Φ ;
F2(x) =
Λ2aG2
8π2
(
1− G2
8π2
∫ Y¯
0
F2(y)dy
)
+
(
Λ2a +
x
2
ln
x
Λ2a
− 3x
4
)
G21 +G
2
2 + 2G¯(G1 +G2(N + 1))
32π2G2
− (26)
G21 +G
2
2 + 2G¯(G1 +G2(N + 1)
29π4
K × F2 ; Φ(x) = NG1F1(x) +G2F2(x)
NG1 +G2
; G¯ =
G3 +G4
2
; Φ(Y¯ ) = F2(Y¯ ) = 0 .
K × Fi = (Λ2a − x ln Λ2a)
∫ Y¯
0
Fi(y)dy − ln Λ2a
∫ Y¯
0
Fi(y)ydy +
1
6x
∫ x
0
Fi(y)y
2dy + lnx
∫ x
0
Fi(y)ydy +
x
(
lnx− 3
2
) ∫ x
0
Fi(y)dy +
∫ Y¯
x
y(ln y − 3
2
)Fi(y)dy + x
∫ Y¯
x
ln yFi(y)dy +
x2
6
∫ Y¯
x
Fi(y)
y
dy . (27)
Here N = 3, Y¯ is the upper limit of integration analo-
gous to that used in the previous section and Λa is an
auxiliary cut-off, which is introduced for loop diagrams
of Fig. 2 without form-factors. It is important to stress
that Λa disappears from all final expressions provided all
conditions for solutions being fulfilled.
Introducing substitutionG1 = ρ G¯, G2 = ωG¯ and com-
paring the two equations (26) we get convinced, that
both equations become being the same under the fol-
lowing condition
ρ = 0 . (28)
With definitions
z =
(ω2 + 8ω)G¯2x2
214 π4
; t =
(ω2 + 8ω)G¯2y2
214 π4
; (29)
we are rested with one equation
6F2(z) =
√
ω2 + 8ω
ω
√
z(ln z − 3)− 8
[
1
3
√
z
∫ z
0
F2(t)
√
tdt+
√
z (ln z − 3)
∫ z
0
F2(t)√
t
dt+ ln z
∫ z
0
F2(t) dt +
∫ z¯0
z
(ln z − 3)F2(t) dt +
√
z
∫ z¯0
z
ln z
F2(t)√
t
dt +
z
3
∫ z¯0
z
F2(t)
t
dt
]
; z¯0 =
(ω2 + 8ω)G¯2Y¯ 2
214 π4
. (30)
Here we omit all terms containing auxiliary cut-off Λ due
to their cancellation.
Performing consecutive differentiations of Eq.(30) we
obtain the following differential equation for F2(
z
d
dz
+
1
2
)(
z
d
dz
)(
z
d
dz
)(
z
d
dz
− 1
2
)
× (31)
(
z
d
dz
− 1
2
)(
z
d
dz
− 1
)
F2(z) + z F2(z) = 0 ;
Equation (31) is equivalent to integral equation (30) pro-
vided the following boundary conditions being fulfilled
∫ z¯0
0
F2(t)√
t
dt =
√
ω2 + 8ω
8ω
; F2(z¯0) = 0 ;∫ z¯0
0
F2(t)
√
t dt = 0 ;
∫ z¯0
0
F2(t) dt = 0 . (32)
Note that just boundary conditions (32) lead to cancella-
tion of all terms containing Λa. Differential equation (31)
is a Meijer equation [13] and the solution of the prob-
lem (31, 32) is the following
F2(z) =
1
2
√
π
G4006
(
z|0, 1
2
,
1
2
, 1,−1
2
, 0
)
; z0 =∞. (33)
Here we also take into account condition F2(0) = 1 that
gives
ω =
8
3
. (34)
We would draw attention to the fact, that unique solu-
tion (33) exists only for infinite upper limit in integrals.
III. DOUBLET BOUND STATE Ψ¯L TR
Let us study a possibility of spin-zero doublet bound
state Ψ¯L TR = φ, which can be referred to a Higgs scalar
doublet. With account of interaction (25) using results
of the previous section we have the following Bethe–
Salpeter equation, in which we take into account the t-
quark mass (see Fig. 3 without the two last diagrams)
Ψ(x) =
G¯2
16π2
∫
Ψ(y) dy +
G22
27π4
K∗ ×Ψ ; (35)
where the modified integral operator K∗ is defined in the
same way as operator (27) with Y¯ = ∞ and lower limit
of integration 0 being changed for m2t , where mt is the
t-quark mass (see [3]).
Then we have again differential equation(
z
d
dz
− a1
)(
z
d
dz
− a2
)(
z
d
dz
)(
z
d
dz
− 1
2
)
×
(
z
d
dz
− 1
2
)(
z
d
dz
− 1
)
Ψ(z)− zΨ(z) = 0 ; (36)
a1 = − 1 +
√
1 + 64µ
4
; a2 = − 1−
√
1 + 64µ
4
;
µ =
G22m
4
t
212 π4
.
where the main difference is the other sign of the last
term, while variable z is just the same as in (31) with
account of relation (34). Boundary conditions now are
the following∫ ∞
µ
Ψ(t)√
t
dt = 0;
∫ ∞
µ
Ψ(t)
√
t dt = 0;
∫ ∞
µ
Ψ(t) dt = 0; Ψ(µ) = 1. (37)
Solution of the problem is presented in the following form
Ψ(z) = C¯1G
50
06(z|a1, a2, 1/2, 1/2, 1, 0)+
C¯2G
30
06(z|0, 1/2, 1, a1, a2, 1/2) + (38)
C¯3G
30
06(z|1/2, 1/2, 1, a1, a2, 0) +
C¯4G
50
06(z|a1, a2, 0, 1/2, 1, 1/2) ;
where C¯i for given µ are uniquely defined by condi-
tions (37).
We define interaction of the doublet φ with heavy
quarks
Lφ = gφ(φ
∗Ψ¯L TR + φ T¯RΨL) ; (39)
where gφ is the coupling constant of the new interaction
to be defined by normalization condition of the solution
of equation (35). Then we take into account the con-
tribution of interaction of quarks with gluons and the
exchange of φ as well (see Fig. 3). Using standard per-
turbative method we obtain for mass of the bound state
7under consideration the following expression in the same
way as in [3].
m2φ = −
m2t I5
π
√
µ I2
; I2 =
∫ ∞
µ
Ψ(z)2 dz
z
; (40)
I5 =
∫ ∞
µ
(16 π αs(z)− g2φ)Ψ(z) dz
16 π z
∫ z
µ
Ψ(t) dt√
t
.
Here αs(z) is the strong coupling with standard evolu-
tion, normalized at the t-quark mass. Provided term
with brackets inside I5 being positive, bound state φ is a
tachyon. Let us recall the well-known relation for t-quark
mass, which is defined by non-zero vacuum average η of
(φ∗2 + φ2)/
√
2. It reads
mt =
gφ η√
2
; (41)
where η = 246.2GeV is the value of the electro-weak
scalar condensate. However in our approach there are
additional contribution to this mass, e.g. due to diagram
shown at Fig. 4. For the moment we can not calculate
contributions of such diagrams, so we take for experimen-
tal value of the t-quark mass the modified definition
mt =
gφ η√
2 f
; (42)
where we take into account additional contributions in
terms of factor f . This means that mt will be also the
input parameter.
Let us consider the case when relation (40) leads to a
tachyon state. For Higgs mechanism to be realized we
need also four-fold interaction
 Lφ4 = λ (φ
∗φ)2 . (43)
Coupling constant in (43) is defined in terms of the fol-
lowing loop integral
λ =
3 g4φ
16 π2
I4 ; I4 =
∫ ∞
µ
Ψ(z)4 dz
z
. (44)
From well-known relations η2 = −m2φ/λ and the Higgs
mass squared M2H = − 2m2φ we have
η2 =
16πm2t I5
3 g4φ
√
µ I2 I4
; M2H =
2m2t I5
π
√
µ I2
. (45)
From (42) and (45) we have useful relation
2 =
16π I5
3 g2φ f
2
√
µ I2 I4
. (46)
We define gφ from a normalization condition, which we
formulate in the next section.
IV. INTERACTION OF THE HIGGS FIELD
WITH BOSONS W
Let us consider an interaction of W -bosons and the
Higgs particle. We start with the ready phenomenology
according to which the W W H interaction corresponds
to the following vertex
ı gµν δab gMW . (47)
From this moment we assume that MW is known. Ad-
ditional contribution to vertex (47) is provided by our
effective interaction due to diagram presented at Fig. 5.
Substituting into this diagram the first approximation
F0 (14, 16, 17) for the three-boson form-factor we obtain
term with Lorentz structure
(gµν (q k) − qν kµ) ;
and thus we are to look for the following additional gauge
invariant contribution to W W H vertex
ı H¯ δab (gµν (q k) − qν kµ)FH(x) ; (48)
H¯ =
√
2GgMW A
π
; FH(0) = 1 ;
where FH(x) is a form-factor, which we find by solving
an equation corresponding to diagrams at Fig. 6 and A
is a constant to be defined from the solution of this equa-
tion. Following the same approximation as in Section 2
we also take into account terms being proportional to
gauge coupling g and obtain the following equation (the
upper limit of the momentum integration is the same Y
as in Eq.(10))
FH(t) = INH(t)− 2
3t
∫ t
0
FH(t
′)t′dt′ +
4
3
√
t
∫ t
0
FH(t
′)
√
t′dt′ +
4
√
t
3
∫ z01
t
FH(t
′)√
t′
dt′ − 2t
3
∫ z01
t
FH(t
′)
t′
dt′ +
ξ
4π
(
1
6t
∫ t
0
FH(t
′)t′dt′ +
1
2
√
t
∫ t
0
FH(t
′)
√
t′dt′ +
1
2
∫ z01
t
FH(t
′)√
t′
dt′ +
√
t
6
∫ z01
t
FH(t
′)
t′
dt′
)
. (49)
ξ =
H¯2
G
; t =
G2 x2
64 π2
; z01 = 8 z0 ; FH(z10) = 0 .
8We would draw attention to important parameter ξ,
which defines a ratio of coupling constant squared of in-
teraction (48) and the main three boson coupling (1). We
shall see that equation (49) has solutions only for some
definite values of this parameter and so we have a set
of eigenvalues of ξ. The inhomogeneous part of Eq.(49)
reads
INH(t) =
1
A
(∫ z0
0
F 2(z)√
(z)
dz +
√
t
8
(
− 31
18
+
1
3
∫ z0
0
(F (z)− 1)2
z
dz +
1
3
ln
8 z0
t
))
+ 4
∫ z01
0
FH(t
′)dt′ +
g
π
(
1
t
∫ t
0
FTH(t
′)
√
t′dt′ − 3√
t
∫ t
0
FTH(t
′)dt′ − 3
∫ z0
t
FTH(t
′)√
t′
dt′ +
√
t
∫ z0
t
FTH(t
′)
t′
dt′ + FH(t)× (50)
(
− 5
2t
∫ z0
t
FT (t
′)√
t′
dt′ +
7√
t
∫ t
0
FT (t
′)dt′ − 3
∫ t
0
FT (t
′)√
t′
dt′ + 3
∫ z0
t
FT (t
′)√
t′
dt′ −
√
t
∫ z0
t
FT (t
′)
t′
dt′ −
t
2
∫ z0
t
FT (t
′)
t′
√
t′
dt′
))
; t =
G2 x2
64 π2
; FT (t) = F
( t
8
)
; FTH(t) = FT (t)FH(t) ;
Using already obtained form-factor F (z) (19) and values
of parameters g, z0 (22) we solve equation (49) numeri-
cally. Let us define parameter Λ in the following way
G =
Λ
M2W
. (51)
Vertex (48) enters also to normalization condition defin-
ing coupling gφ according to diagrams shown at Fig. 7,
where symbol of diagram denotes its coefficient afore p2
in an expansion in (p2)n with p being a momentum of
the field φ. It reads
3g2φ
32π2
(
I2 +
αs
4π
(
I222 + 2 I6
))
+ I = 1; (52)
I = Ihh + Igh ; Ihh =
H2
16π2
∫ z01
µ′
F 2H dt√
t
;
Igh =
gH
16π2
∫ z01
µ′
FHdt√
t
; I22 =
∫ ∞
µ
Ψ(t)dt
t
;
I6 =
∫ ∞
µ
Ψ(z)dz
z
√
z
∫ z
µ
Ψ(t)dt√
t
; µ′ =
Λ2
64 π2
.
There are several solutions of equation (49) with different
eigenvalues of ξ giving the following values of parameters:
ξ = 7.27; Λ = 0.0157; A = −79.1; I = 0.165; (53)
ξ = 35.2; Λ = 0.0371; A = 113.4; I = 0.470; (54)
ξ = 69.3; Λ = 0.0199;A = −217.3; I = 0.756; (55)
ξ = 116.4; Λ = 0.0042;A = 615.2; I = 0.845; (56)
ξ = 162.0; Λ = 0.001;A = −1484; I = 0.996. (57)
Small values of I lead to too large values of gφ and thus
to positive values ofm2φ. This means an absence of Higgs
mechanism. Too large values of I lead to imaginary
gφ. Our analysis shows, that only two intermediate solu-
tions (55, 56) are physically admissible. Note, that values
of parameter Λ for these solutions satisfy limitations (7).
Other interesting parameters depend on value αs of
strong coupling at the t-quark mass. We have prefer-
able value of this quantity, which is obtained from value
αs(MZ) = 0.1184± 0.0007. Using standard evolution of
αs we obtain
αs = αs(172GeV ) = 0.108 . (58)
However we perform calculations also for nearby values
of αs in the interval from 0.08 up to 0.12. In doing
this we proceed in the following way: for six parameters
µ, gφ, η, mt, MH , f we have five relations (23, 40,42, 45,
52) and the well-known expression
MW =
gw η
2
; (59)
where gw is weak interaction constant g at W mass. We
obtain it by usual RG evolution expression (23) from
value g at Y (22). Let us remind that we consider MW
as an input. All the parameters entering the expressions
excepting f are already defined above. At the present
stage of the study we can not calculate f , because e.g.
for diagrams at Fig. 4 one needs knowledge of behav-
ior of form-factor FH in dependence of all three vari-
ables. This problem is not solved yet, therefore we define
value f by fixing the t-quark mass in relation (42). We
have found, that for any solution of our set of equation
MW = 80.4GeV is reproduced via relation (59) for any
value of f in (42). Thus for the moment we have two
input parameters, which are safely known from the ex-
periment
MW = 80.399± 0.023 ; MT = 172.0± 1.6 . (60)
Now we present thus obtained parameters in Table 1
for the two solutions (55, 56) being mentioned above.
9We see from the Table that important parameters η and
gw are obtained in close agreement to experimental data.
For solution (55) η and gw both differ from the exper-
imental numbers not more than by 4.7% and for solu-
tion (56) not more than by 4.0%. We present at the
Table values of parameters in dependence on value of
strong coupling at the t-quark mass. We see that this
dependence is practically insignificant for all parameters
but four-fermion coupling G2. For final result we would
choose central experimental value αs(MT ) = 0.108. So
we take as an estimate of our precision for Higgs boson
mass just the precision of definition of η and gw and thus
we obtain two possible values for the Higgs boson mass:
ξ = 69.3030 : MH1 = (306 ± 14)GeV ; (61)
ξ = 116.436 : MH2 = (253 ± 10)GeV . (62)
This prediction is the main result of the work. Note that
the method to calculate masses (61, 62) in our approach
was previously checked while calculating π-meson mass
due to NJL-type interaction [3]. With pion decay con-
stant fpi being fixed we have [3] mpi ≃ 135MeV , that
differs from real charged pion mass just by few per cent.
With knowledge of parameter Λ (55, 56) we have
thorough information for definition of form-factor of the
anomalous three-boson interaction (19)
F (z) ; z =
Λ2Q4
512 π2M4W
. (63)
The behavior of F (Q) for solution (56) is presented at
Fig. 8.
V. EXPERIMENTAL IMPLICATIONS
New interaction of Higgs field H with W -s
LHWW =
H¯
2
W aµν W
a
µν H. (64)
leads to changes in usual branching ratios for H decays.
We use here the well-known expression for W 0 mixed
state with physical value for sin2 θW . There are unusually
significant channels H → γ γ and H → γ Z. Therefore
there may be additional restrictions from existing exper-
iments. Data from Tevatron on search for Higgs particle
in γ γ channel [17] exclude Higgs particle with interac-
tion (64) for MH < 150GeV . Our predictions (61, 62)
evidently do not contradict to this result. The recent
CMS results from LHC [18] also do not impose restric-
tions for bosons with masses (61, 62).
Let us remind that we have obtained all the necessary
parameters for estimation of widths and branching ratios
for the two variants (61, 62). The results are presented at
Table 2, where we have taken central values of masses (61,
62).
We also estimate cross-sections of the Higgs boson pro-
duction at LHC with
√
s = 7TeV .
MH = 306GeV : σt ≃ 26 pb; (65)
MH = 253GeV : σt ≃ 14 pb. (66)
Note that rather unexpected prediction: larger cross-
section for larger Higgs mass, is easily understood by
comparison of values of parameters Λ and A for these
solutions (55, 56).
For example with mass 253GeV under conditions of
work [18] we would have 10 events in interval 240GeV <
MH < 270GeV for H → W+W− → 2l2ν provided effi-
ciency of registration being 100%. To compare with plot
in [18] we have with mass of the Higgs boson indicated
in brackets
σBR(H →WW → 2l2ν) = 0.28 pb (253GeV );
σBR(H →WW → 2l2ν) = 0.43 pb (306GeV ).(67)
that is significantly lower, than upper limit curve in [18].
However with increasing of integral luminosity by an or-
der of magnitude a quest for Higgs of the discussed type
would become promising, especially for decay channel
H → γγ. E.g. with integral luminosity 360 pb−1 and
Higgs mass 253GeV we would have around 170 decays
H → γγ.
For calculations of this section CompHEP package [19]
was used.
VI. CONCLUSION
To conclude we would emphasize, that albeit we dis-
cuss quite unusual effects, we do not deal with something
beyond the Standard Model. We are just in the frame-
work of the Standard Model. What makes difference with
usual results is non-perturbative non-trivial solu-
tion of compensation equation. There is of course also
trivial perturbative solution. Which of the solutions
is realized is to be defined by stability conditions. The
problem of stability is extremely complicated and needs
a special extensive study. That is why we present in
the work two possible solutions (61, 62) in view of an-
ticipation of the forthcoming LHC results. Confirmation
of prediction (61, 62) (see also Tables 1, 2) would mean
proof of the non-perturbative nature of the real Higgs
mechanism.
With the present results we would draw attention to
two important achievements provided by the non-trivial
non-perturbative solution. The first one is unique deter-
mination of gauge electro-weak coupling constant g(MW )
in close agreement with experimental value. The second
result consists in calculation of the fundamental quan-
tity η – vacuum average of the scalar Higgs field. At
this point we would emphasize, that the existence of a
non-trivial solution itself always leads to additional con-
ditions for parameters of a problem under study. These
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two achievements strengthen the confidence in the cor-
rectness of applicability of Bogoliubov compensation ap-
proach to the principal problems of elementary particles
theory. We consider a check of prediction for Higgs bo-
son mass (61, 62) and of its properties being shown at
Table 2 as a decisive test of validity of the compensation
approach.
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Table captions
Table 1. Results of solution of the set of equations for
vacuum average η, EW gauge constant g at MW , the
Higgs field coupling constant with the t-quark gφ and
the Higgs scalar mass MH , ξ1 = 69.303, ξ2 = 116.436
(we fix MW = 80.4GeV ; MT = 172.2GeV ).
Table 2. Properties of the Higgs particle for two
solutions.
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Figure captions
Fig. 1. Diagram representation of the compensa-
tion equation. Black spot corresponds to anomalous
three-boson vertex with a form-factor. Empty circles
correspond to point-like anomalous three-boson and
four-boson vertices. Simple point corresponds to usual
gauge vertex. Incoming momenta are denoted by the
corresponding external lines.
Fig. 2. Diagram representation of the compensa-
tion equation for the four-fermion interaction (26).
Lines describe quarks. Simple point corresponds to the
point-like vertex and black circle corresponds to a vertex
with a form-factor.
Fig. 3. Diagram representation of the Bethe-Salpeter
equation for a bound state of heavy quarks. Double line
represent the bound state and dotted line describes a
gluon. Black circle corresponds to BS wave function.
Other notations are the same as at Fig.2.
Fig. 4. Diagrams for new contribution to the t-
quark mass. Dotted line represents the t-quark , other
notations the same as at Figs. 2 - 4.
Fig. 5. Diagram representation of the first contri-
bution to INH (49). Here the double line correspond to
the Higgs scalar, simple point is the usual vertex (47),
other notations the same as at Fig. 1.
Fig. 6. Diagram representation of equation for
WWH vertex with a form-factor. The double circle
with black inside describes their form-factor. The same
with empty internal circle correspond to point-like
anomalous HW W vertex. Single circle corresponds
toHW W vertex calculated according diagram at Fig. 5.
Fig. 7. Diagram representation of normalization
condition of Higgs scalar interaction with heavy quark.
Dotted lines below represent W. Other notations the
same as at Figs. 2, 3.
Fig. 8. Behavior of form-factor F (Q) (19) for the second
solution (62), 0 < Q < 18.5TeV . For Q > 18.495TeV ,
F (Q) = 0.
Table 1.
αs(MT ) Experiment
0.08 0.09 0.10 0.108 0.11 0.12 0.108± 0.001
MW GeV ξ1 80.4 80.4 80.4 80.4 80.4 80.4
(input) ξ2 80.4 80.4 80.4 80.4 80.4 80.4 80.399± 0.023
MT GeV ξ1 172.2 172.2 172.2 172.2 172.2 172.2
(input) ξ2 172.2 172.2 172.2 172.2 172.2 172.2 172.0± 1.6
η GeV ξ1 258,23 258.26 258.26 258.26 258.26 258.27
ξ2 256.61 256.61 256.57 256.58 256.58 256.62 246.22± 0.03
gw(MW ) ξ1 0.623 0.623 0.623 0.623 0.623 0.623
ξ2 0.627 0.627 0.627 0.627 0.627 0.626 0.651± 0.002
gφ ξ1 1.400 1.421 1.438 1.450 1.453 1.466
ξ2 1.324 1.344 1.361 1.374 1.377 1.391 ?
MH GeV ξ1 303.50 304.68 305.35 305.63 305.67 305.74
ξ2 250.29 251.51 252.34 252.87 252.95 253.38 ?
G2M
2
T ξ1 0.1314 0.1658 0.2022 0.2329 0.2405 0.2803
ξ2 0.2493 0.3172 0.3908 0.4536 0.4699 0.5544 ?
Table 2.
MH GeV ΓH GeV H →W+W− H → ZZ H → Zγ H → γγ
306 101 41.0% 27.8% 26.2% 5.0%
253 29.9 50.3% 31.2% 15.2% 3.3%
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